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ISB6.7 G Project Introduction
Advanced 6.7 Liter Natural Gas Engine Development

Funding Source: CEC / GTI

FaR. CALIFORNIA :
L0 )k ENERGY COMMISSION gtl GAS TECHNOLOGY INSTITUTE

Resulting CWI ISB6.7 G (6.7 liter)  °
Engine:

Award: $1M

Scope: Grant funding supports Alpha design, development,
demonstration, and Beta design of a new, 6.7 liter natural
gas engine

Term: Aug/13 thru Dec/14

Status: Project completed, ISB6.7 G in production

Westport
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ISB6.7 G Project Goal

= Demonstrate the performance and emissions capability:

— U.S. EPA/ CARB 2013 emission standards (g/bhp-hr):

BSX XX (g/hp-hr)

co0*0.1

NMHC

— U.S. EPA 2017 GHG emission standards

— Peak rating of 260 hp and 660 Ib-ft torque.

— 510 10% improved fuel economy over CWI's 5.91 LBSI NG engine (last sold in the
North American market through 2009)

= All project goals achieved —
NGVTF 2016 - Cummins Westport 5




ISBE6. 714G
Design Architecture

Coil on Plug
Ignition EGR
Valve

Ignition Control Wastegate
4 Valve Cylinder Module Turbo
Head 4

Spark Ignited

Three Way
Catalyst

Fuel
Module

2 Air Cooler

Engine Control
Module

Throttle
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ISB6 TG Ay

Natural Gas Engine

= Key Product Attributes

/ CARB Optional Low NOx 0.1g certified

4 | Ki ited. in-li 6 lind Celifornia Environmental Protection Agency / S — EXECUTIVE ORDER A-021-0650

— - . New On-R - i

CycCle, spar |gn|te , IN-lIN€ © cylinder, ©= Air Resources Board ew On-Road He;:;g«ebrtégl},g;;g:

—F =
turbocharged, CAC in NNHC Nox/ NMHC+NOx co PM HoHO
g/bhp-hr FTP SET FTP [/ SET FTP SET FTP | SET FTP SET FTP SET
. . . STD 0.14 0.14 040 - 0.0 * $ 155 1555 0.01 0.01 ® .

- Dlsplacement — 6.7 litres (408-9 cu m) CERT 0.01 0.004 0.08 0.001 $ * 3.0 1.9 0.000 0.000 *

INTE 0.21 0.20 . 19.4 0.02

— Peakrating: 240 hp, 560 Ib-ft

| g/bhp-hr=grams per brake horsepower-hour; FTP=Federal Tast Procedurs; SET= Supplemental emissions testing; NTE=Not-ic-Exceed; STD=standard or emission lest cap; |
FEL=family emission limit. CERT=certfication level; NMHC/HC=non-methane/hydroecarbon; NOx=oxides of nitrogen; CO=carbon monexide; PM=particulate matter; HCHO=formaldehyde |

— 2016 EPA/CARB certified

0.12 T T
EPA Emission Standards: NOx and PM

—  Meet 2017 EPA GHG requirements

— Dedicated 100% natural gas engine

—  Three Way Catalyst after-treatment
1998

1994

— Automatic Transmissions

PM (g/bhp-hr)

— Base warranty will be same as ISB6.7 diesel

0.00
/_/‘ 0.2 1.0 2.0 3.0

ISBE&ETG NOx (g/bhp-hr)

4.0 5.0

Rocky Mount i
Engine Plant ™

e Westport
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ISB616 P—
Natural Gas Engine

)| T
: :

Model Power Torque
@ 2400 RPM @ 1600 RPM

ISB6.7 G 200 200 hp 520 Ib ft
ISB6.7 G 220 220 hp 520 Ib ft
ISB6.7 G 240 240 hp 560 Ib ft

Wesitport
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ISB6.T1G

Natural Gas Engine

= Key Markets

Initial launch School Bus

Subsequent launches into other segments

Thomas Built Bus Saf-T Liner C2

Yard Spotter
Shuttle Bus
MD Truck (Class 6-8)

Thomas Built C2 CNG: 220 & Counting

June 3, 2016 in ACT Expo 2015, CNG, Fleet Order, NG Vs by Rich Fiellisch | No Comiments

Lots of Orders for New Saf-T-Liner C2 CNG School Bus

Thomas Built Buses has released further details about orders for its new compressed natural gas-fueled
Saf-T-Liner C2 CMG schoal bus, which is entering production this month. updated June & and July 28

{comrected Morth Kansas City bus count)

LOWER YOUR FUEL COSTS & EMISSIONS g [§ 75 1ih'm

Saf-T-Liner C2 CNG bus —the orders
are rolling in.

By using clean-burning, domestic natural gas fuel

“This will be the first compressed natural gas engine in the
industry on the popular Type C product,” the company says
(F&F June 1).

Crders already in hand include

» 110 Saf-T-Liner C2 CMG buses for Morth Kansas City (as
well as 14 Type A Minter buses);

= 25 for Blue Springs, Mo. (east of Kansas City); and

» 71 forthe Los Angeles Unified School District.

The new Type C school bus is powered by the 6.7-liter,
dedicated-natural gas, spark-ignition Cummins Westport
I5B6.7 3 engine. The engine was farmally unveiled at ACT

Expo 2015 in Dallas last year (F&F May 5, 2015).

The new Thomas built buses have G-Stor Pro brand Type Il CHG fuel cylinders by Luxfer.

NGVTF 2016 - Cummins Westport
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Near Zero NOx Project Introduction

Project Title: On-Road Heavy-Duty Development, Integration and Demonstration
of Ultra-Low Emissions Natural Gas Engines

Funding Source: SCAQMD / CEC / SoCal Gas G CALIFORNIA

* ENERGY COMMISSION

4
South Coast m SoCalGas
AQ M D A 6}‘3-.-:11pm Emvergy wiley

Resulting CWI Engine: ISL G Near Zero (8.9 liter)
Award: $3.5M

Scope: To develop a prototype HD NG engine suitable for on-road heavy-duty
vehicle applications...capable of:
« Target NOx emissions: 0.02 g/bhp-hr
« Capable of CARB and EPA certification

Term: May/15 thru Dec/16

Status: Project nearing completion, ISL G Near Zero in production
NGVTF 2016 - Cummins Westport “ 7 11




Near Zero Technology — Path to 0.02 g Nbx |

Combustion System
o) r Piston
o Gall el Piston

* |nvestigated potential levers: S

Fuel System

= Evaluated capability of levers: g'ﬂnitbgiv.stef:n i

= Selected architecture

Catalyst Sensing and Control
o Bigger Catalyst o l\E/Ir']:aanidHcggt(gds
I . o Improved Formulations © Mid-bric
- . .
Mid-brick HEGO o3-Knock-Sensors—
u S O u tl O n . © Mid-brie o Wide Band O2 Sensor
o CCV

— CCV addition

Emissions Performance

- TWC I m p rOve m e ntS Fuel Efficiency

Cost

— Optimized controls

Development Time
Westport
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Closed Crankcase Ventilation (CCV)

= Filters crankcase emissions,

Inlet (from valve cover) —

= Returns engine oil to sump,

= Recirculates and reintroduces “air’ to engine intake

Filter

= Results in 70% lower engine methane emissions (2,000 hour change) 7

Coolant supply/return

Outlet (to compressor
inlet elbow)

Oil drain (to supplied
connection on block)

Westport
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Same Length

Three-Way Catalyst Improvements

Diameter

Increased

from 10.5”
to 12”

= Increased working volume |

= Improved mixture of precious rom T .
metals (Platinum, Palladium and
Rhodium)

= Addition of mid-bed temperature
sensor to enable advanced ... _
controls and HD-OBD

Wesitport
NGVTF 2016 - Cummins Westport 14



Optimized Controls Catayst Il Catalyst utlet
NOy N,
= Engine exhaust emissions depends on conditions co —*> — C0,
— Lean conditions = high NOx HC ko
— Rich conditions = high CO & HC MAJOR REACTION
= TWC operation CO +%0,=CO,

- e . H,C, + 30, = 2CO, + 2H,0
Lean conditions = low conversion of NOx CO +NO, = CO, + N,

— Rich conditions = low conversion of CO
100

— Need to operate stoichiometric for high conversion 2 gp
L L . & 80
— Feedback allows for dithering around stoichiometric 2 70
. . . . % ISI:I CO NO
= Controls optimized for engine operation : 50 X
B 40
2 T =
Q

fith a3  lEan

stoichiometric
(AF contral)

Generic TWC Performance %Ir:t (wdgg%?www.nettinc.com

Westport
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Optimized Controls

= Targeting high NOx forming points Nox Mass flow
in duty cycle

= Conditions are not optimal for
TWC operation

Baseline

Low Nox

— Example: motoring has air
flow but no fuel

 Lean conditions =
reduce conversion
efficiency

3
K=,
[r
vy
vy
©
£
X
o)
2

« Lower temperatures 2>
reduce conversion
efficiency

= Mid-bed Temperature sensor
enables for higher precision and
quicker response

Westport
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What's Driving Near Zero engines?

Figure 2-1: Emissions Contribution from Mobile Sources

100%
w All Other
Sectors
| m Transportation
Seclar

0%
: £0%
Figure 2.2: South Coast Ozone Progress since 1990

g 7%

oo E OBE0% -
"0 0%
40%
E %
0%

!
~ " GHG MO Diesel PM

2030. Al the same time, we must continue efforts o minimize near-source risk and
exposure 10 toxic ar contaminants. As lustrated in Figure 2-1, mobile sources and the
fuels that power them conltribute over 80 percent of Smog forming NOX emissions,

95 percent of the diesel PM emissions, and nearty 50 percent of Statewide GHG
emissions. Efforts to reduce polution and fossil fuel use in mobde sources will therefore
be essential in creating a future transportation system that provides the foundation for

meeting Califomia's goals ‘
6

"On-Road Heavy-Duty Sector

Emigsions Contributicn

Mobile Source
Strategy

DISCUSSION DRAFT

In order to meet our air quality goals and GHG emission and petroleum use reduction
targets, the on-road heavy-duty sector must transition to near-zero emission technology
e T NEAR coupled with advanced renewable fuels, and zero emission vehicies and equipment

for Heavy Duty Vehicles" ZERO 'MIEIBWGIWB
For heavy-duty vehicles, combustion technology will continue to dominate over the next
15 years. The strategy therefore calls for engine technology that is effectively
90 percent cieaner than today’s current standards, with clean, renewable fuels
compnsing half the fuels bumed. To position the heavy-duty sector for longer-term

Tow warabn Frenent hobe 3 enradad rabrntanne ovee

Westport
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What's Driving Near Zero engines

ISL 5 2555

225

200

175

150

125

75

S0

South Coast NOx (tons per day)

25

0

Figure 6-2: The Importance of Federal Standards
for Heavy Duty Vehicles*

Current control programs drive
all HD vehicles to 2010 0.2 NOx
standard by 2023... rapid
progress but still not enough
to hit Clean Air targets

A NZ NGV advocacy
program overlay could
reduce NOx 90% below

current controls (around
60 extra tons per day)

Current Control Programs

o
2023 Torget

2031 Torget NZ NGV Advocacy

—

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

*The scenarios illustrated in this figure reflect natural tumover rates.

NGVTF 2016 - Cummins Westport

?

NMHC NOx

FIP | EURO
014 | 0.14
001 | 0.000
.,J‘ [

FIP | EURO EURO
155 | 155 0.01
15 03 | 0001 | 0.000

NOX is 90% below STD
PM is 90% below STD
CO2is 16% below STD

RNG compatibility enables
GHG emission reduction to
near zero levels as well (landfills,
dairies, waste water streams,
etc.)

NZ is ready now... how clean do
you want to be and how fast?

1T
< .}‘\JL\E; >
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Certified Emissions

ISL &

in NMHC NOx . NMHC+NOx co PM HCHC

g/bhp-hr FTP SET FTP SET EE SET FTP SET FTP SET FTP SET

STD 0.14 0.14 0.20 0.20 * - 15.5 15.5 0.01 0.01 * *

CERT 0.05 0.02 0.13 0.01 - * 7.5 6.1 0.002 0.001 - -

NTE 0.21 0.30 . 19.4 0.02 =
g/bhp-hr=grams per brake horsepower-hour; FTP=Federal Test Procedure; SET= Supplemental emissions testing; NTE=Not-to-Exceed; STD=standard or emission test cap;

FEL=family emission limit, CERT=certification level, NMHG/HC=non-methane/hydrocarbon; NOx=oxides of nitrogen; CO=carbon monoxide; PM=particulate matter, HCHO=formaldehyde;

ISL &G

NEAR
ZERO

FCL-f

oo kel CERT=owilicel vn i

L

L Lt Chom

C

sralarag

 MyDeeRezon cae

WG AT DG Leroa il b

PRIEARY MTERDED EERVICE CLABE |
T VIGATHAL hann ]
b S CH. Ha
mkhp-hr FTF SET T
ETD b 5ES H oin [E5
FGL L) Tt GRE. Y =
L <50 0 &6 .
LEAT 4ES . 0 55 £o2
i o b hescpienr ross,  FTR-Fogin Test Frovie. SET2ugurrertal asvenone iseing, ST - chrchad o conswen il 20z, FEL-Lai by amissian Bl

TRAGTHR-TiAsr aging

NGVTF 2016 - Cummins Westport

in NMHC NOx NMHC+NOx CcO PM HCHO

g/bhp-hr FTP SET FTP SET FTP SET FTP SET FTP SET FTP SET

STD 0.14 0.14 0.02 0.02 22 s 15.5 16.5 0.01 0.01 ¥ ¥

CERT 0.01 0.000 0.01 0.004 al * 1.5 0.3 0.001 0.000 * N

NTE 0.21 0.03 i 19.4 0.02 i
g/bhp-hr=grams per brake horsepower-hour; FTP=Federal Test Procedure; SET= Supplemental emissions testing; NTE=Not-to-Exceed; STD=standard or emission test cap;

FEL=family emission limit; CERT=certification level; NMHC/HC=non-methane/hydrocarbon; NOx=oxides of nitrogen; CO=carbon monoxide; PM=particulate matter;, HCHO=formaldehyde

Emissions year:

NOx Standard:

(g/bhp-hr)

10.7

2000

4

2010

2000 model year Bus

equivalent NOx to:

2016 “Near Zero” Buses

Westport
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OEM & Fleet Announcements

New Flyer expands clear air propulsion leadership with the Cummins Westport ISL G Near Zero
emissions engine

D - M e [ 8

Organization Profile

==

New Flyer Industries Inc.
—
Xcelsior: '/51. G s W

NEW FLYER'

Washington. DC Exercises Options
for an Additional 100 New Fiyer
Buses

WINNIPEG, Aug. 17, 2016 JCNW - (TSX: NFI) (TSX: NFI.DB.U) New Flyer of America Inc_, a subsidiary of New Flyer Industries Inc New Flver Industries Inc.
("New Flyer" or the "Company”), the largest heavy-duty transit bus and motor coach manufacturer and parts distributor in North announces the third quarter 2016
America, announced a major addition to its industry leading clean air propulsion options for the New Flyer Xceisior® bus family. dividend

New Flyer is the first transit manufacturer to offer the industry's cleanest certified engine and will deliver the first original equipment
manufacturer ("OEM") installation of a 2016 Cummins Westport ISL G Near Zero ("ISL G NZ") engine in the third quarter of 2016

NJ Transit Contract Update and
Reaffirmation of 2016 Bus/Coach
The ISL G NZ compressed natural gas ("CNG") engine will be used to power a New Flyer Xcelsior XN40 bus for the Los Angeles Delivery Guidance
County Metropolitan Transportation Authority (LA Metro). LA Metro operates the largest natural gas engine transit vehicle fleet in

North America

More on this organization

The ISL G NZ NOx natural gas engine has been developed by Cummins Westport Inc. and is the first mid-range engine in North
America to receive certification to meet the 0.02 g/bhp-hr. optional Near Zero NOx Emissions standards from both U.S. Environmental
Protection Agency (EPA) and the Air Resources Board (ARB) in California. Cummins Westport states that this certification represents
a 10-fold emissions reduction below current EPA nitrogen oxide (NOx) emissions standards, making it the cleanest engine in the

industry. Cummins Westport also describes the engine as operating 90% below the particulate matter (PM) standard, and 16% below
the C02 emissions standard. In addition fo the dramatic reduction in NOx, the ISL G NZ features Closed Crankcase Ventilation, stated
to reduce engine related methane emissions by 70%. thereby enhancing its greenhouse gas benefits.

PETERBILT INTRODUCES CUMMINS ISL-G NEAR ZERO EMISSIONS ENGINE FOR MODELS 567, 520 AND 320
DENTON, Texas (August 30, 2016)

Peterbilt Motors Company infroduces the Cummins Westport ISL-G Near Zero NOx emissions natural gas engine for Models 567, 520 and
320.

The ISL-G Near Zero engine emissions are 90 percent lower than the current EPA NOx limit through the introduction of a unigue three way
catalyst in the after-ireatment, advanced engine calibration and a closed crankcase ventilation system (CCV).

“Peterbilt is producing increasingly efficient products,” said Scott Newhouse, Peterbilt Chief Engineer. “The addition of the ISL-G Near
Zero emissions engine strengthens Peterbilt as an environmental leader.”
ISL 5 2223

4

The new engine's performance and efficiency match the current ISL-G, with 320
horsepower and 1,000 Ib-ft torque available. Customers with linehaul, vocational
and refuse applications will benefit from the efficient option. £

“Peterbilt continues to lead the industry with the highest performing trucks on the
road,” said Robert Woodall, Peterbilt Assistant General Manager of Sales and
Marketing. “We're pleased to offer the ISL-G Near Zero engine as an excellent
choice for our customers.”

Like the currently available ISL-G engine, the ISL-G Near Zero operates on 100% natural gas, which can be carried on the vehicle in
either compressed (CNG) or liquefied (LNG) form. The new ISL-G Near Zero can also run on renewable natural gas (RNG).

The Cummins ISL-G Near Zero emissions engine will become available for production in Models 520 and 320 by year-end. The new
engine will become available in the Model 567 in early 2017.

KENWOR

Kenworth T680 and T880 Add Cummins Westport ISL G
Near Zero Emissions Natural Gas Engine

LAS VEGAS. Nev. — Kenworth
announced that it will offer the Cummins
Westport ISL. G Near Zero NOx emissions
natural gas engine for the Kenworth T680
and T880.

Cummins Westport ISL G Near Zero
Natural Gas Engine

Emissions from the ISL G Near Zero
natural gas engine are 90 percent lower than
the current NOx linut of 0.2 gram per brake
horsepower-hour, and meet the 2017 EPA
greenhouse  gas  emission  reduction
requirements. The new engine achieves this
reduction through the introduction of
advanced engine calibration. a unique
maintenance-free, three-way catalyst after-
treatment system. and a closed crankcase
ventilation system.

“The Kenworth T680 and T880
equipped with the ISL G Near Zero
emissions engine 1s well suited for regional
haul, vocational and refuse fleets focused
the reduced environmental impact of natural
gas use and reducing their operating costs.”
said Jason Skoog. Kenworth assistant
general manager for sales and marketing.

The 8 9-liter Cummins Westport ISL G
Near Zero comes with ratings up to 320 hp
and 1,000 1b-ft of torque. The engine can
operate on 100 percent natural gas, which
can be carmied on the vehicle in either
compressed natural gas (CNG) or liquefied
natural gas (LNG) form. The new ISL G
Near Zero 1s also compatible with renewable
natural gas (RNG) which allows for even
further reductions in GHG emissions.

The new engine will become available in
the Kenworth T680 and T880 in early 2017.

Kenworth 1s the driver’s truck. See what
drivers are saying at
www kenworth com/drivers.

Kenworth Truck Company is the
manufacturer of The World’s Best® heavy
and medium duty trucks. Kenworth's
Internet home page is at
www kenworthcom  Kenworth 15 a
PACCAR company.

NGVTF 2016 - Cummins Westport

City of Santa Monica Approves Multi-Year Contract
with Clean Energy’s Redeem™; Fuel to Support
Deployment of CWI Near-Zero 0.02 NOx Engine

City of 5anta Monica Approves Multi-Year Contract with Clean Energy’s Redeem™; Fuel to
Support Deployment of CWI Near-Zero 0.02 MOx Engine

June 2. 2016

MNEWPORT BEACH, CALIF. - Olean Energy Fuels Corp., (NASDAG: CLNE) announced that the City of Santa
Wanica has awarded Clean Energy @ multiyear ligusfied natural gas (LNG) contract to fuel its Big Blus Bus
{EEE] fleet of vehicles. The S-year deal, worth an estimatad £2 million per year, will enable EBE to continue
using Clean Energy’s Redeem™ brand of renewable natural gas (RNG), rated up to 30 percent cleaner than
diesel and considerad the deanest ransportation fuel available. EBE began using Redeem™ by Clean Energy in
Jenuary 2015.

EBE, one of the first ransit agencies in the nation to contract for Redeem™, will also become one of the first
agencies to incorporate the nevw Cummins-\Westport 8.50 I5L G Hear-Zero 0.02 NCx engine, the first mid-range
engine in North America to recefve emission certifications from both U5, Emédronmental Protection Agency
{EPA) and Air Resources Board (ARE) in California that meet the 0.02 g/bhp-hr optional Near Zero NOx
Emizzions standards.

Big Blue Bus, which includes 200 natural gas buses, plans to replace over 100 of their existing bus engines with
the new Mear-Zero naturzl gas engine over a three-year period, making BEE one of cleanest ransit agencies in
the nation. When the transition is complete, BEB is expected to have reduced their NOx emissions by over 50
jpercent and their GHG emizsions by 8,000 Metric Tons, annually. Intreduced by OWI earfier this year, the new
‘Cummins I5L G 8.91 Mear Zero 0.02 NOx engine is designed for medium-duty truck, urban bus, school bus and
refuse applications and is available on the market today. Cummins-YWestport plans to begin delfvering an 1191
wersion that is also EPA and ARE certified for the hesw-duty trucking industry in 2018,

“The City of 5anta Monica has a deep commitment to the people and environment in our community. By
combining the emdronmental benefits of RNG with the technological advances of this engine, we are proud to
=3y that wee are in fact, one of the cleanast transit agencies in the nation,” said Ed King, EBE's Director of
Transit.

The City of Santa Monica is 3 nationally recognized leader for its sustainability policies and actions. BEE has
|progressivety contributed to the City's sustainability narrative through its use of alternative fusl and ultimate
phasing out of diesel-fueled motor coaches. Through this commitment, clean burning RNG and the new 0.02
NCx engine will power BBE's entire fleet.

“Big Blue Bus has abways been a leader in sustainability and with our Redeam™ RNG and the implementation
of the new Near-Zero engine, we are about to witness the future of the transportation industry and the
incredible advances we've made in reducing the impact on the environment,” said Peter Grace, Clean Energy's
senior vice president for sales and finance.

For more information about the BEE's Redeem fueling success story click here.

Clezn Energy believes that RedeemT™ is the cleanest ranspartation fuel commercially available in the U5,
according to ERA data regarding carbon emissions for ransportation fuel. Redeem™ s a renewable natural gas
vehicle fuel, often referred to as biomethane. It is derived from biogenic methane or biogas, which is methane
that is naturally generated by the decomposition of arganic waste. The methane gas is processed, purified and
sent into the interstate natwral gas pipeline and made available exclusively to Clean Energy customers.
Redeem™ biomethane vehicle fuel is procured from biomethane production facilities, including two owned
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ISX12 G Near Zero Project

Project Title: Develop, Integrate & Demonstrate Ultra-Low Emissions Natural
Gas 12 Liter Engine For On-Road Heavy Duty Vehicles

Funding Source: SCAQMD / CEC/

@2 CALIFORNIA
SoCal Gas / Clean Energy 2L

20 ENERGY COMMISSION
5 - *
Wsocarces €2 Clean Energy

South Coast

Y
AQ M D 4 (A Sempra Energy wiey

Resulting CWI Engine: 1SX12 G Near Zero (11.9 liter)
Award: $5.25M

Scope: To develop a 12 liter HD NG engine suitable for on-road heavy-duty
vehicle applications...capable of:
« Target NOx emissions: 0.02 g/bhp-hr
« CARB and EPA certified

Term: May/16 thru March/18
Status: Project underway, Targeting 2018 production for ISX12 G Near Zero

NGVTF 2016 - Cummins Westport L ] Y.



Scope

= The objective of the work contained in these progress reports is to develop and demonstrate a 12-liter natural
gas engine, and associated exhaust after-treatment technologies, that is (1) suitable for on-road heavy-heavy
duty vehicle applications such as Class 8 trucks and buses; (2) commercially viable; and (3) capable of:

— Achieving emissions targets of 0.02 g/bhp-hr NOx, 0.01 g/bhp-hr PM, 0.14 g/bhp-hr NMHC, and 15.5
g/bhp-hr CO or lower as determined by the heavy duty engine FTP,

— Keeping exhaust NH; emissions as low as achievable while targeting average NH; emissions at 10 ppm or
lower,

— Achieving minimal, fuel economy penalties relative to 2010 U.S. Environmental Protection Agency (EPA)
and California Air Resources Board (CARB) certified diesel engines on similar duty cycles; and

— Being certified by the EPA and CARB
« Heavy Duty On-Board Diagnostics required in 2018

Westport
NGVTF 2016 - Cummins Westport 23




Project Status

D\ Limited NS
Technology N Alpha \, Beta ‘ ' \
Development Prototype Prototype Production

» Previously completed using ISL G

* Determined Near Zero architecture
*Closed Crankcase Ventilation
*Three-way Catalyst Improvements
*Optimized controls

Westport
NGVTF 2016 - Cummins Westport 24




Alpha Prototype Highlights

Fuel Control Valve

EGR Crossover Tube
and Flow

Compressor
Measurement Orifice

Recirculation Valve
EGR Valve

Closed Crankcase

Fuel/EGR Manifold Breather

Ignition
Control Module

Engine Control Module

NGVTF 2016 - Cummins Westport

Westport
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Alpha Prototype: Closed Crankcase Ventilation

Current Product — ISX12 G ISX12 G NZ Alpha Prototype

Westport
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Alpha Prototype: ECM & Wire Harness

The main eogioe harnwss couting looks
similar o current product but has several
routing changes to adjust to new
Connactoe(s), conmector localion, end 1o
Improve the support and routing of the
harness. Relays have been added to
contred the ICM and CFV power supply.

This nut will not be
presant on the Vohvo
Version of the harness. A
e trew witl be wied
nstead

5 [ 6 &..{._I

|

LGR Ae P

Wesitport
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Alpha Prototype: Exhaust Gas Recirculation

Two EGR routing
designs to accommodate

OEM vehicle installations

Wesitport
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Alpha Prototype: Aftertreatment

Typical end-in, end-out configuration

Westport
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NGVTF 2016 - Cummins Westport

ISB6.7 G is certified to California ARB optional Low NOx (0.1 g/bhp-hr)
“Near Zero” — refers to California ARB optional low NOx 0.02 g/bhp-hr level

ISXIZ G 2658

*




Questions

Stephen Ptucha

Product Management & Planning
Cummins Westport Inc.
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